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Cher Farrukh, 



Je Venvoie ci-joint un rapport su&J6& propria 1 t6s adjuvantes d'un lipids eationique 
fusogena, la DC-Choi. Comma ce dtffifendJest tres compStftlf M. Andr6 Bourgauin et 
Pierre Meullen m'ont demand^ d'anvoyerces rdsuitats pr6limlnalres sur la sal am£ricain 
dans las mallleurs d&lals. 

II faudrait qua tu accuses reception da CQ document en ramplissant la rubrique 
prevue a oet effet (page 4 du rapport) et que tu I'arehlves solgneusement, 

Au fur et & rnasura de I'avancement de nos travaux, |e te transmettrai des rapports 
da plus en plus (tetanies. 



Avec tous mas ramerciements, 
Tres cordlala merit. 




Jean Haensler. 



cc/ Pierre Meulien, Andre Bourgouln. 
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Abstract ; 

DMA based vaccines are Waidereid to be potentiatty revolutionary due to their east of pradtciion, taw cbfi[,.]ang sht]f Ufo 
lact of requirement for ft cold chain and ability to iiylw* good T<el) responses. Twtw heanhy adult vohiftteert enrolled 
in » Pha&e I wifely and tolambfliry clinical study of a DNA vaccine encoding a malaria amipen, Volunteers received I 
imrwmiattilar injections of one of four different dosages (20, ]D0, 500 and 2500 ugl of (he Plasmodium falciparum 
cireums^ofTiioitet pro»dn (PJGSV) plaamld DNA at monthly inierval a Mid- Wert followed for up 10 welvo months, Local 
reaciogenirtiy and systemic symptoms wrre fsw and mfld, Tpere wtm do xv&tt or serious adverse events* clinically significant 
bjocbemiea) orhenwtoloelo changes, or detectable ant(*dsPNA ODUbMie*- Despite induction of excellent CTL respontua, 
mrnvmiiBtnilar DNA vaccination via needle injoCliod fa-Hod to induce detectable antigen-specific antibodies in any of ihe 
voluntas. Published by |5laevi*r Sciatica Ltd. 

Keywords; DMA vitar\e\ M»lftrift; Clwiicul trirt 



It has been 0 yr iincfl th« firdt report chat intramus- 
cijlar administration (IM> of "nAked" plwmid DNA 
resulted in cxpreiSioq by myocytes t»F the protein 
encoded by the DNA p], 7 yr since The first report of 
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the immunogonidry in mico of a plaamid DNA vaccine: 
[2], nfldro than 5 yr sinca tM admiixistroUon of pt&smid 
DNA was reported to protect mice against influcraa 
t$] and malaria [4]. In the intervening years there has 
been an explosion of inieraaz in DNA vaccines with 
reports of their efficacy both in small and large ani- 
mals for preventing and treating many Infectious dis- 
eases, cancer and autoimmune diseases [5]. 

The enthusiasm for DNA vaccines Is based on their 
demcmnrated ability to be hrunwnogenw and lo pro- 
vide protective efficacy In animals. In addition, E>NA 
vaccines are easy to produce and purify [6] have a rela- 
tive low coat, lens shelf lifo and may not require a 
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cold chain. In considering single formulations oF vac- 
cines effective again « many infectious agents, vaccines 
against complex multi-stage mlcroorganisma like Plas- 
modtuin falciparum, rapid response vaccines against 
newly emerging pathogens ami "mdividualized" vac- 
cines for cancer patients, DNA based vaccines are con- 
sidered to be potentially revolutionary [7], 

When expression of protein in myocytes and immu* 
nogenicity of DNA vaccines in experimental animate 
were firs; reported, skeptics considered the findings to 
be arti factual. When reproducible scientific exper- 
iments established the validity of these nndiuge, many 
believed that it would be impossible to conduct human 
itudies because such vaccines would be" inherently 
unsafe. One major concern was that after injection the 
DNA would integrate into the recipient host's chromo- 
some leading to mutafien&sis and potentially insertional 
carcinogenesis. Therefore, human studies could be in- 
itiated only if this concern was greatly diminished, 
Animal studies involving plasmid DNA injections have 
shown chut any mutations from a potential integration 
event would be infrequent and remit in a calculated 
muration rate much lower than the spontaneous mu- 
tation rate for mammalian genomes [fi,9]. A second 
concern was that immunization with plasmid DNA 
would induce anti-DNA antibodies and this would 
accelerate the development of autoimmune diseases. 
Animal studies have shewn non-significant increases in 
anti-DNA antibodies and no evidence of autoimmune 
disease induction or acceleration after administration 
of plasmid DNA injections [10]. 

The technology of DNA vaccines appear* to be ide- 
ally suited to the development of a raulil-geno malaria 
DNA vaccine which can effectively target multiple 
stage* of th# P, falciparum Ufa cycle [11], Our initial 
focus has been on the development of a vaccine which 
induce* protective CD8 T T cell response* directed at 
the infected heparocyte, since CD8" T cells have been 
implicated as critical effector cells in pre-erythrocytlc 
stage protection in rodent models (reviewed in [12.130. 
Our strategy for development of a multi-gene malaria 
DNA vaccine hiU included assessment of in vitro ex- 
pression and in vivo irumuuDgeniticy of plasmid DNA 
in rodents and nonhuman primates before transition 
ing to clinical studies in humans [13,14]. Accordingly, 
a P. falciparum cu-cumsporozoite protein (PJCSP) 
expressing plasmid was evaluated for antigen ex- 
pression In vitro by immunoblot analysis of cultured 
mammalian cells following transient transection and 
for the capacity to induce antigen-specific antibody 
and cytotoxic T lymphocyte (CTL) responses in mica 
[15] and nonhuman primates [16]. Studies in the rodent 
model (reviewed In [17]) demonstrated induction of 
antigen-specific CTL and antibody responses follow in* 
immuniiation with pi tumid DNA encoding antigens 
exprafi*a(j in PUmtodiunvinfactBd hepatocyres. Smdi** 



further established that the IM route of immunization 
was optimal for induction of CD8 T Thl immune re- 
sponses, as reported in other sy&tems 1181, Subsequent 
studies demonstrated that all of six Rhesus monkeys 
immunized IM with the /VCSP plasmid, either alone 
or in combination with up to four plasm ids encoding 
other pre-erythrocytic liver stage P. falciparum pro- 
teins, had detectable an tijen-apecific CTL and/or anti- 
body responses [16]. 

These Btudics in rodent and non-human primate 
models provided the foundation for Phase T clinical 
evaluation of a vaccine designed to induce CDS* Thl 
immune responses directed against the infected hepaxo- 
cyte in humans, using the IM route of a dm lustra (ion. 
The P/CSP plasmid was subsequently produced under 
current Good Manufacturing Practices conditions 
{cGMP) and was extensively characterized for safety (n 
mice and rabbits [19] prior to clinical testing in 
humans. 

Two previously reported clinical trials of DNA vac- 
cines were conducted in subjects with HTV infections 
[30,21). In this report, we demonstrate for the first 
rime the safety and to Jet ability or a DNA vaccine in 
healthy humans who have been followed for up to 12 
months after vaccination. We have previously reported 
the induction of antigen-specific, MHC-rcstricted 
CD8 + CTL in 11 of ihe 20 vohmtftftTS from all DNA 
dosage groups [22], Here, we report that measurable 
antigen-specific antibody responses were not detected 
in any of the 20 study volunteers suggesting that ih* 
IM route of administration may not he optimal for the 
induction of antibodias by a DNA vaccine in human 
subjects. 



1. Materials and ipethode 

}.}. Volunteers 

Twanty healrhy. malaria-naive, adult volunteers 
from tha communities surrounding the participating 
facilities were recruited by noncoercive means under a 
protocol approved by the Institutional Review Boards 
of the participating facilities. Potential and theoretical 
risks associated with receiving the FfCSP Investiga- 
tional vaccine were discussed with the volunteers. The 
research protocol for human participants in this study 
was approved by the Naval Medical Research Center's 
Committee far the Protection of Human Subjects, the 
U.S. Army Medical Research Institute of Infectious 
Diseases Human "Use Committee and the Surgeon 
General's Human Subjects Research Review Board, in 
accordance with the U.S. Navy regulation fSECNA- 
VINST 3900.39B) governing the use of human subjects 
in medical research. Written informed consent was 
obtained from all volurtiears. It was made very clear to 
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the volunteers that they were free to withdraw from 
the study at any time without penalty or loss of any 
benefits. 

AH 20 study subjects underwent a screening evalu- 
ation consisting of a medical history, physical examin- 
ation, complete blood counts, clinical biochemistries, 
imnftfyti&, complete claw I and II HLA typing, anti- 
nuclear antibody (ANA) (ELTSA, Helix Diagnostics, 
West Sacramento, CA) and ann-dsDNA antibody 
(ELISA, DiamcdU Corporation, Miami. FL) teats and 
serologic studies for previous sxpa&urH ta or infection 
with HIV. hepatitis B, hepatitis C. PfCSP or vaccinia. 
Vol im leers were excluded if they had HJV infection, 
acilve hepatitis B arC, anemia, cardiac, hepatic, renal, 
or autoimmune disease, pre-existing anri-dsDNA anti- 
bodies or positive ANA ELISA. pre-existing #CSP 
antibodies, aUer£y to any study vaccine component, 
splenectomy, known immunodeficiency, pr any findings 
which in the opinion of the Principal Investigator (PI) 
would increase the risk of having an adverse outcome 
from participation. In addition, all female volunteers 
were screened for serum bera-HCG immediately before 
each vaccination and excluded if this was positive. 

Vaccine 

The study vaccine, VCL-2510 (Fig. 1), is a closed 
circular DNA plasm id produced under eGMP from 
bacterial cells grown in kanamycin selective media [61. 
VCL-2510 plaamid* which has bean previously 
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Pif. 1. tJiigraittTOiiLC repeweniadan of ih« DNA vfleduo pi urn id. 
PUttmld map of Lha vftecino VCL-2S10 Indkptine the rtluivc pos- 
•t^m of tho human cytomegalovirus icumAdloie early (CMV-IE] 
gfftic promotor/er hanccr ind tha CVfV-IE gono 5' untreotUted 
reg£oa (UTR) plui In iron (Tie i^i^nce encoding Wi* teodw pep- 
tide at hujnUm rtau* pluminoflin ^cirv^for pcoi»ift (TPA) fustd CO 
the y end or t|t* soqu*nei fcucotfin§ rtiu f.fylcipatum drcu»n*poro- 
Micq pfoitin (f/CSP) followed by the ircuiscxLptioo termination 
rcgioTi of ih« bovia* growth bomionv (BG>f) gena tnd the hactcriil 
gene encoding KA&afnycin rairiwice ell of •'tilth compriie (bin d»cu- 
lor baettrhM plfciirid IpUCIt) derivstfv*. Tbt r*o proctin encoding 
regions or VCL-2510 aro shown m bfrowi indiearitig their arien- 
ution Qtmnscrlptiah. 



described [15]. contains the full length gene encoding 
PfCSP, a proiein antigen found on me surface of p. 
falciparum flporozoitcs and within infected bepatocytes, 
Expression of r/CSP is controlled by toe promoter/ 
enhancer of the human cytomegalovirus immediate 
early (CMV IE) gene, the 5 r untranslated region of the 
CMV IE gene (including intron A) and the transcrip- 
tional terminator from the bovine growth hormone 
gene [23]. Tho jycSP coding sequence is modified at 
the 5 r end by addition of the sequence encoding the 
leader peptide from human tissue plasminogen activa- 
tor protein (hTPA) to enhance expression and se- 
cretion of the antigen in mammalian cells [15]. The 
plasm id contain* twa open reading frame sequences. 
One encodes the kanamycin resistance protein which is 
expressed ia bacterial cells and the other encodes 
hTPA leader/JVCSP ftision protein which is expressed 
in mammalian cells [15]. There are no known viral or 
oncogenic protein coding sequences In the VCL-2510 
plasmid. Extensive preclinical safety studies -with VCL- 
2510 in experimental animals were conducted prior co 
the clinical trial [9,19]. 

1.3. Study design 

This was. an open-label, dose-escalating Phase I 
safety and imrounagfcnicity trial cf the PJCSB DNA 
vaccine in healthy adult volunteers. The 4 dose groups 
were: 20, 1 00, 500 and 2500 ug. The group assignment 
was made in such a way that the sex. race and HLA 
background were equally distributed in the 4 groups, 
Frozen viaJs of vaccine were thawed at room tempera- 
ture for 30 rain prior to injection. Vaccine was adrni- 
nJ&tBTcd »b an IM needle injection or 1,0 ml in the 
deltoid muscle. Tn each dose £roup, volunteers received 
three total injections of the some dose of the vaccine at 
0, 4 and £ weeks, alternating arms between each injec- 
tion. There was a two- wee* stagger between the dose 
groups, with the lowest dose group vaccinated first, to 
allow far assessment of safety and mlerabiliry before 
proceeding to the next higher dose. 

J.4. Assessment of safe ry 

Volunteers were observed for 30 rain after each im- 
munization and B-gain at 1.2, 7 and 13 days. At each 
of the foljow-ups, directed history and physical exam- 
ination, including vital signs were done. Blood was 
obtained for complete blood count and the following 
Scrum biochemistries: alanine ELnaiiu* transferase (ALT), 
aspartate aminotransferase (AST), alkaline phospha- 
tase (alk phos), bilirubin (bili), crearine phospbakinase 
(CPK). lactate dehydrogenase (LDH) and urine 
obtained for urinalysis on the day of immunization, 
day I, 7 and 13. At 2 and 6 weeks after the last immu- 
nization, blood was obtained for complete blood 
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count, serum biochemistries and ANA ana anti- 
dsDNA antibodies. In addition, at the r> and 32- 
month follow-up visits, blood was also obtained for 
ANA and antndsDNA antibody determinations. AH 
symptoms, signs and laboratory abnormalities were 
considered Adverse events And classified using a stan- 
dard scale (see Table I). 

Assessment of antibody response in volunteers 

Plasma samples obtained 2 and 4 weeks after both 
the second and third immunization and also 6 and 14 
weeks after the third immunization were assessed for 
anti-CSP antibodies against recombinant PJCSP pro- 
tein and against synthetic peptides of the B-cell epitope 
from the cenual repeat region of the PJUS? by HLISA 
and against miac* sporozoites by IF AT. Recombinant 
PfCSp was derived from a genetic construct of E. coti 
in which it was expressed from ft pl&amid as a histi- 
dine-tagged (HiSe-tagged), intracellular protein. The 
plaamid wis constructed as. follou/a. Tba full-length 
PfCSP gsnc encoding amino acids M| to N 39 7 (single 
latter amino acid sequence code) was PCR-amplified 
from geaomic DMA of the 3D7 strain of P. falci- 
parum. The following primers wara used for PCR- 
ampliflcacion: sense oligonucleotide; 5 -GCCCATGGT- 
TATGATGAGAAAATTAGCTATT-3' and antisense 
oligonucleotide 5 -GCGGATCCAATAAGGAaCAA- 
GAAGGATAA-3'. The PCR-amplified DNA frag- 
ment was digested with restriction endpnucleasen Ncol 
and Bam HI then figatcd inco NcoJ^BarnHI pj«- 
digested pQB60 plasiaid DNA (Qiagcu. Chatfiworth. 
CA), an expression plasraid that add* six hlstidfoe 
amino acid residues to the carboxy-tarminus of the 
expressed protein. Folio wing ligation, selection of 
clones and characterization by restriction analysis, the 
plaamid designated pbf/CSP was isolated for pro- 
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ducxion of recombinant jyCSP. ^. tfotf Ml 5 containing 
pbPfCSP was used for production of recombinant pro- 
tein. A 300 liter formentor (New Brunswick Scientific, 
Edison, NJ) at the Department of Biologies Research, 
Walter Kccd Army Institute of Research was used to 
produce a 500 gram bacterial pellet. The bacteria were 
lysed using a roicrorluidzer (Microfluidicj, MD) on ice 
under 1 5,000 psi air-pressure The lysed bacteria were 
cemrifuged at 10,000 S and the supernatant was fil- 
tered using a 0.45 micron filter membrane. From this 
soluble material the Hib^- tagged recombinant protein 
was bound to a Nt-NTA (Qiagm) chromatography 
column and protein was el u red from the resin with 0,2 
M sodium acetate. pH 4.5. The protein was further 
purified by Superdex-75 (Pharmacia, Uppsala, Sweden) 
column chromatography. The amino acid sequence of 
the NHa-tcrminus of the purified protein was deter- 
mined by automated Ed man degradation (Biological 
Resources Branch, National Institute of Allergy and 
Infectious Diseases}. This analysis showed that meat of 
the punAsd pro tain had unstained a cleavage event 
during synthesis that removed the firat S3 amino acid 
residues. Thus, the bulk of purified protein in the prep- 
aration lacked the amino terminus of the full-length 
#CSP protein and initiated at L**, The synthetic pep- 
tide (NAKP)jo whs described previously [24). 

Enzyme-linked immunosorbent assay (EJ-ISA) was 
performed as previously described [25] with slight 
modifications. Briefly, 50 [4 of recombinant JJCST* 
protein (0.25 ug/ral) or synthetic peptide (NANF) J0 
diluted in PBS was added into wells of TmmunOlon II 
ELfSA plates (Dynatech Laboratory Inc. Chantilly, 
VA), Plates were incubated for 6 h at ambient tem- 
perature. The wells were washed 3 times with PBS Con- 
taining 0.05% Tween 20 (washing buffer) and 
incubated overnight at 4°C with 100 ul of 5% nonfat 
dry milk ui PBS (blocking buffer) per welt. After wash- 
ing 3 time*, the walls were incubated for 2 h with 50 ul 
of two-fold serial dilutions of test plasma and control 
human plasma, diluted in 3% nonfat dry milk in PBS 
(diluting buffer). The wells were washed 3 times, incu- 
bated for 1 h with peroxidase-Iabcled goat anti-human 
IgG (H + L) or IgM (Kirkegaard and Perry, 
GaUbersburg. MD) diluted 1:4000 in diluting buffer, 
then washed again 3 dines. The wcljs wern incubated 
for 10 min with IOC uJ of a solution containing ABTS 
(2 l 2-arinc-di-{3-ethy]-bcn2thia-2oUne sulfonate) sub- 
strate (Kirkegaard and Perry, Gallhersburg, MD). 
Color reaction was measured in a micro-ELISA auto- 
mated reader (Dynatech, MR500C) at OD 410 nm. All 
reaction steps except blocking were performed m room 
ccmpcfature. The positive control was plaeraa from a 
volunteer immunized with P. falciparum radiation atte- 
nuated sporozoitei. Mean ± SD of the OD readings of 
quadruplicate assays were recorded, Samples were con- 
sidered positive if the mean OD value of the plasma 
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sample post-immunization was greater than the mean 
OD plus 3 standard deviations of the plasma sample 
prc-immunization. 

Indirect fluorescent antibody test (IFAT) was per- 
formed as previously described [261 with a slight modi- 
fication. Briefly, antigen slides containing 300 D air- 
dried />. fa'jiparum (NF54) spor02oites per well were 
incubated in a moist chamber for 30 min at 37°C with 
two*fold serial dilutions of test and control human 
plasma diluted in PBS containing 0.2% Evans Blue 
(diluting buffer). The slides were washed 3 times ir> 
PBS and further incubated for 30 min at 37"C with 
HTC-labeled soar ariti-human IgG (H + L) (Kirkegar- 
ard and Perry/ Gaithftrabura, MD) diMied 1:50 in 
diluting buffer. The slides were washed again, mounted 
in a Veetashield mounting medium (Vector Labora- 
tories, Inc., Burtfngaine, CA) and examined under an 
Olympus UV microscope, positive control was a 
plasma sample from a volunteer immunized with radi- 
ation attenuated sporozoites of P. falciparum. 

J .6. Murine antibody studies 

Two groups of four female 3- to 5-week-old BALB/ 
c, B10BR and C57BL/6 mice (Jackson Laboratory, 
Bar Harbor. ME) and ouibred CD-I roioe (Charles 
River Laboratory, Wilmington, MA) were immunized 
with 100 meg of the cGMP VCL-2510 vaccine at 0, 3 
and 6 weeks cither intramuscularly in both the tibialis 
anterior muscles or intra derm ally in the tail at 3 sites. 
The mice were bled for sera 10 days after the last 
dose. Antibodies in sera against Intact parasites wore 
determined by TFAT aa previously described [26]. 



2. Remits 

2.2. Study population 

Twenty volunteers were enrolled and assigned to 
each of 4 dose groups. The median age was 25 with a 
range of 20 to 28. Eighty percent were mala, 75% 
Caucasians and 85 % active duty military personnel. 
AJI 5 Volunteers in each of groups I and 3 completed 
the study and received the 3 injections at scheduled 
times. Of the 5 volunteers in group 2, l withdrew 
before receiving the third injection due co unrelated 
chronic medical and family problems and 1 received 
the third injection 2 weeks lata. In group 4, one volun- 
teer's participation in the study was terminated prior 
to receiving the third injection due 10 unexpected preg- 
nancy. All 20 volunteers returned for the 6-month fol- 
low-up visit and 19 volunteer* returned for the 12- 
month follow-up visit. 



2.2. Safely 

All cloaca of the vaccines were well tolerated in a)] 
volunteers. Most of the adverse events were mild 
(Table 1). The 4 moderate adverse CvCnTi Were as fol- 
lows: 1 episode of iliac crest pain from unrelated bone 
marrow donation (20 ug doae group), 1 episode of 
enterocolitis treated with antibiotic 000 ug dose 
group), 1 episode of elevated ye rum CPK from exces- 
sive weight lifting (100 ug dose group) and 1 episode 
of headache 10 days after vaccine injection which 
resolved with acetaminophen (100 ug dose group). 
There were no episodes of severe Dr serious adverse 
events. The most common complaint, pain and tender- 
ness at the injection site, was mild, lasting leas than 48 
h and required no medication (Table 2). The injection 
siifl pain and tenderness were more common in group 
4, the highest dose group. There were no clinically sig- 
nificant serum biochemical abnormalities in any sub- 
ject throughout the study. There was also no evidence 
of proteinuria, hematuria, or any other abnormalities 
in the urinalyses. None of th* 20 volunteers had 
detectable ANA or anti- dsDNA antibodies by screen- 
ing ELISA at bELScline and at Z and 6 weeks. aitcr the 
last injection. At the 12 month time point, one volun- 
teer (20 ng group) was positive for ANA by screening 
ELISA and borderline positive (1 ;40) by confirmatory 
IFAT Irt retrospect, a specimen from that volunteer? 
taken before immurtization was also positive by IFAT 
at 1:40. When tested 3 months later, (15 months aftei 
the first immunization), this subject had [he sam* 
ANA and a»ci-d*DNA antibody results. None of the 
volunteers who were evaluated ai ihe 12 month time! 
point (19/20) had detectable anti- dsDNA antibodies 
(data not shown). 

The volunteer Who became pregnant duiinfi th* 
study waa followed throughout her pregnancy. Her 
pregnancy, labor and delivery were uneventful. There 
were no abnormalities noted in the infant at birth- 

2.3. Anri'JfCSP antibody responses 

Anti-CSP antibodies were not detected by ELISA or 
[FAT in any of the plasma samples collected. from the 
20 volunteers at multiple time points throughout the 

9tudy. 

2.4. Murine immunogonicity 

Since no antibodies were detected in the study vol- 
unteers after IM administration of iha vaccine, we con- 
ducted a murine study comparing TM and intradermal 
(ID) administration of the cGMP material used in the 
clinical trial. Results from that srudy (Table 3) clearly 
demonstrate that the plasmid induced antibodies in 
both outbred and inbred strains of mice. Furthermore, 
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Symptoms and signs in 20 volunteer* within 4fl h afar each injeurioo* 
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■ Resulp reported «* number of volunteers writ* ayr^pipma/jifni. The 3 doses ware udmmiiccrdd 4 woftlu apart, 
* Only 4 out- or $ volunteer* received cV*> 3rd dost 



antibody responses were fiignificantiy greater when Ettt 
plasmid was administered intraderroally as compared 
to iCLtraraii3[r4tg.rly as seen in the three inbred strains 
of mice (Table 3), 



3. Discussion 

There have been an iocreswing number of clinical 
trials utili2ing recombinant DNA for gene therapy 
against multiple malignancies and metabolic diseases 
[27]. The safety profiles established by these trials, 
together with supporting animal studies, have laid the 
foundation for clinical trials with DNA vaccines 
against infectious pathogens in healthy human volun- 



teers. The US Food and Drug Administration has 
issued guidance for production and testing of euch vac- 
cines ("Points To Consider On Flasmid DNA Vaccines 
For Preventive Infectious Diacaac Indications" 1996, 
hrtp^//www.fda.gov/cber/pic/pia3jriid.U0. These guide- 
lines outline animal studies that need to be dona prior 
to proceeding to human trials. The preclinical animal 
studies carried out by a number of groups have ahown 
that direct administration of platmjd DNA is safe ami 
well tolerated. Mice and cynomolgus monkeys that 
received repealed intravenous injections of VCL-10Q5, 
a plasmid DNA vector expressing both the human 
clasa I MHC HLA-B7 heavy chain and the bem 2- 
microglobulin light chain gene formulated in cationic 
Lipids for use in cancer therapy, did not show any 



Tabic J 

KPAT uteri* asainet air-dHod P. falciparum apocosotica In mice immunized with comparing IM C* - 4) nod ID (n — fj idmivucirqiion 

of wiccine 



Strain (type) 


Mean tlwr IM (range) 


Mean titer PD (range) 


p vohjo h 


CtM(outtired) 


U.720 (12W>-* 20.4801 


(5.68a (25IS0~ > 20.480) 


0.941 


BALB/c fuibrtd) 


3920 (320-5120) 


8960 (5120- 10.340) 


0.G2B 


BlOBRGnbred) 


1760 (640-JS60) 


11.530 (S13fl-M.48fl) 


0,024 


cr?awe (ibirtwd) 


2640 (Q -S| 20) 


m0 (25«-2n,*B0) 


D.20R 


All inbrwf 


2773 (0-5(20) 


9BI3 C25<SO-20.4»O> 


□ 0Q| 



* Redpnsc^i or di» cwJ-polnt dilution ttm J» positive. 

b Group rnttiu (oriThntiic) **r* MmpArtd ultra an Uidfipundant aumplca /-teat. Th* r-urati vara p*rfonr\cd qiina SPSS fcr Wirtdovs veriion 

8.0. 

'BALn/cBLO&R. C57flL/0. 
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abnormalities in clinical chemistry, hematology, or 
orfian pathology (28] A sbnilar safety profile was 
demonstrated in animals injected with VCI.-n02, a 
plasmid DNA encoding human Interleukin 2 [29]. 
Mice and rabbits thai received repeated intramuscular 
injections of VCL-2510. the #CSP malaria DNA vac- 
cine used in this study, did not show ^ny abnormalities 
In clinical chemistry, hematology, or organ pathology 
[1?]. In addition, by using PCR analysis of various tis- 
sues at various time points, it was shown that after IM 
injection, the VCL-2510 pJa&mid p although detected in- 
itially in all of the highly vascularized tissues, was 
found only in The injected muscle of mice at later tiros 
points (19], Favorable safety profiles established in ani- 
mal* cleared the first hurdle In the progress toward 
safely Studies in humans. 

One of tho theoretical concerns regarding DNA vac- 
cines is the potential for the Injected DNA to integrate 
into host chromosomal DNA and, depending on the 
area of integration, induce mutagenesis and imertional 
carcinogenesis [3D], Safety studies designed to tost for 
possible Integration of plasmid DNA can only be con- 
ducted in animal models. In a study designed to test 
integration of an influenza nuelcbprown DNA vaccine 
in mice, it was reported (hat no integration could be 
detected, using a PGR assay demonstrated to have a 
sensitivity of I to 7.5 plasmid copies per 150,000 
nuclei Theie PCR assay* were carried out at 4 and 8 
weeka following a single intramuscular injection [8], 
Studies Willi the MCS? DNA vaccine VCL-2J10 like- 
wise showed little to no pi afraid association with £6no- 
mic DNA [9]. In that study, even if the highest level of 
plasmid DNA found associated with genomic DNA 
HO copies per 150,000 mouse genome*) was covalently 
integrated, and thus resulted in a mutational event, th« 
calculated raw of mutation would still be 3000 times 
less than the spontaneous mutation rate for mamma- 
lian genomes. 

Anothcr theoretical concern regarding DNA vac- 
cines ia (be potential of the foreign DNA to induce 
antibodies against DNA or other nuclear antigen* and 
Cither induce an autoimmune state or accelerate the 
development of autoimmune diseases in people who 
are predisposed to developing these diseases [30], To 
date there has been no evidence for induction of aber- 
rant autoimmune disease in preclinical studies in ani- 
mals following administration of DNA. In normal 
mice receiving single IM injections of plasmid DNA, 
There was no evidence of deterioration of renal func- 
tion, as determined by serum BUN and creatinine 
measurements, or any abnormality in renal histology 
or pathology [10]. In a strain of lupus-prone mice, 
plasmrd DNA injections did not accejerau renal dys- 
function and histologic deterioration relative to control 
animals receiving saline placebo injections [10]. Studies 
of the /yCSP VCL-2510 plasmid in mice and rabbits 
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did not show production of ANA or anii-dsDNA anti- 
bodies and likewise showed no evidence of end organ 
pathologies [19]. 

The human volunteers in this Phase I srudy of the 
VCL-2510 PJCSP malaria DNA vaccine were all 
healthy young adults with no previous exposure to ma- 
laria or malaria vaccines. In addition, the volunteers 
had no personal or Family history of any auTOimmune 
disease and had negative ANA and anri-dapNA anti- 
body titers by screening ELlSA Although studies in 
autoimrnunc-diacasc-prono animals have shown that 
DNA vaccine* do not accelerate autoimmune diseases, 
we felt it appropriate to initially establish safety in a 
population of healthy human volunteers before vacci- 
nation; higher-risk populations. 

The PJCSP DNA vaccine was well- tolerated in all of 
the 20 volunteers in this study which included a 2500 
ug dose group. In previous vaccine Trials the highest 
dose of plasmid DNA that had been tested was 50Q ug 
[20,2]]. There were no severe or serious adverse events 
related to the jyCSF DNA vaccine. Most of the 
adverse event* were nuld requiring no intervention or 
therapy (Table 1). The most common side effect, es- 
pecially in the high e£i dose group, was mild pain and 
tenderness at the injection site, lasting approximately 
48 h. Of the four moderate adverse events recorded 
during the trial, three did no; appear to be related lo 
the vaccine while one was determined to be possibly 
related (Table 1). This Phase I study was designed to 
look for major side-effecrs and therefore did hot have 
a placebo group, However, as compared with previous 
malaria vaccine trials with adjuvamed recombinant 
proteins (31-33], the side effects from the PJCSF DNA 
vaccine were few and mild. This is not surprising since 
it is the adjuvant component of most vaccines ihai Is 
usually responsible for the side effects observed. The 
/yCSP DNA vaccine is ''naked" DNA and, therefore, 
contains no known adjuvants,. 

At the 12-month follow-up time point, one of the 
volunteers in the lowest-dose group was ANA positive 
by ELYSA and had & borderline positive ANA titer by 
confirmatory IFAT thai remained unchanged 3 
months later. This laboratory result was considered 
clinically insignificant and incidental based on the fol- 
lowing: (l) the ANA I FA titer remained unchanged 
from the pre-imrounization baseline level of ];40. 
which is considered borderline and found in up to 
31.7% of the gsner»l population [34]; (2) the HelU 
ELISA has a false-positive rate as high as 49% eveia 
when assessed in individuals suspected of having auto- 
immune ditcase [35]i and (3) tho volunteer had no 
detectable anti-daDNA antibodies and no symptom* 
Suggestive of auto-immune disease. No other volun- 
teers had delectable ANA or anti-dsDNA antibodies 
for up to 12 months after vaccination with the PfC&P 
DNA plasmid. 
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In this phase I study io evaluate safety and tolerabfl- 
ity of a PfCSp DNA vaccine in healthy volunteers, we 
additionally showed that CD8 + CTL responses [22] 
were induced but were unable to detccr antigen-specific 
antibody r&spon&es. We cannot definitively explain our 
lack or induction of antibodies but can speculate on a. 
number of possibilities. Our previously reported results 
in Aotus monkeys [36] which showed thai ID but not 
IM administration or the r^yCSP pJasmld induced anti- 
bodies, the current results (Table 3) demonstrating 
greater induction of antibodies in three inbred siroins 
of mice with the P/CSP plasrmd administered by the 
ID rouTfl, as well as unpublished data, all suggest that 
tha induction of an antibody response witfi. DNA vac- 
cines may be better achieved by che ID route of ad- 
ministration. Furthermore, studies in which mice were 
immunized with DNA vaccines that were designed for 
enhanced antigen secretion have demonstrated that 
antibody production is likewise enhanced (unpublished 
data). Previously publi&hed results with the plaamid 
used in this Study [15] have shown thai che VCL-2510 
expressed product ii present in the culture supernatant 
of transiently transferred tissue culture cells at com* 
P^raiively low level*- Both the route of administration 
and the plasmid secretion profile may help explain the 
lack of a detectable antibody response in these human 
subjects. 

In summary, in this first swdy of a malaria DNA 
vaccine we have found that IM 3draim$tration of three 
doses of up to 2500 us of plasmid DNA is safe, well 
tolerated and does not induce any obvious hematologi- 
cal or biochemical abnormalities or anti-cUDNA anti- 
bodies. We view this as a pilot study for a multi- 
plasniid vaccine designed to induce protective immu- 
nity against parasite challenge. The demonstration of 
safety and tolarability in healthy volunteers was the 
prerequi&iti first step in the evaluation of this new vac- 
cine technology that by virtue of its simplicity has tha 
capacity to profoundly influence vaccine development. 
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ett2yn»- linked iFnoiunoeorbortt assay*. Arthriti* Rheum 

p^] Grunztiulci RA. Mari£ DC, Obaldta K Ranan R, Sede^ab M, 
WiiBg R. Hobart P. Mwaaliih M, Hc/Tmaci S. OprlorDzaTlori or 
antibody reaponK* of a malaria )dma vaccine ia Aomi roon- 
fceyi. Vncdne Rn 1996^:173-03- 
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First Human Trial of a DNA-Based Vaccine for Treatment of Human 
Immunodeficiency Virus Type X Infection: Safety and Host Response 
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Mielutil A. Chatter goon, Yacla Baine, Terry J, Higgint, 
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Infectious Disease* Oivtsio** Ocpatrnentx cf Medicine tutd a/ p<uiwio& 
Qtid ItttoroitHy Medicine. Uetveniry of Prmuyhania Schodf af 
Medicine, end Allegheny Urtivtrsiy af(tt* HtnUft Sciences, 
Pkiiasletpklo, nnd ApaUDn. fnc, Malvent, Pennsylvania; Vtyi^tity <tf 

Seiuh Florida. Tampa, Florida 



A DNA-baaed uacclne containing hwro*n immunodeficiency virus type 1 (HJV-i) env qrtd rc» 
p:nes was rested for safety and host immune rtspottie In IS asymptomatic HIV-infected patients 
who were not using antiviral drugi pw[ who had CD*"* lymphocyte counts of i*5D0 per microliter 
of blood. Successive groups received three doses of vaccine (30, 100, or 30u **g) ot 10-week intervals 
m * dose-estalijt^jn trial. Voccino administration induced no loeaJ or systemic reactions, and no 
laboratory abnorrnalmes were detected. Specifically, no patient developed ami-DNA antibody or 
muscle enzyme elevations. No consistent change occurred In CP4 or CDa lymphocyte c(MM9 or In 
plwima HIV concentration. Antibody against gpl20 increased in Individual patients in the 100- and 
Brpup*. Some increase were ncrtd in cytotoxic T lymphocyte activity against gplSO-beiwing 
targets and in lymphocyte proliferative activity. The safety Mid potential immunOeemclty of an 
fflV-dlrcctcd DMA- based vaccina wit demorutrtted, a Undine thui should entourage further studied. 



Since its identification in 1981, the global AIDS epidemic 
has progressed inexorably to Hie point oc which the cumulative 
total of human immunodeficiency virus [HTV) infections world- 
wide as of December 1990 wu estimated by me Joint United 
Nations Programme on HIV/AIDS to be 29.4 million people, 
with 22.6 million currently living with the infection [I]. Since 
the introduction of zidovudine In 1987, significant strides havd 
been m*dej. using combinations of antiviral agents, in control- 
ling the n\tc of HIV replication and immure deterioration in 
infected persons; however, the costs are great and tho treat- 
ments ore only partially effective, Thus, there Is greai Interest 
in vaccines that might augment a host's immune response to 
HIV jo That viral proliferation and immune damage ia slowed 
or popped it it also hoped that any immune response 
to a, therapeutic vaccine strong enough to control established 
infection wouUl also be effective in preventing Initial infect ion 
in HI V-naivc subjects. 



fcmived2 October 1997; jeviied li Febnuiy 199a. 
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While no single measure of immunity i« prediciiv* t>f in 
vivo control of viraf replication, mere is mounting evidence 
thatftn ftfficacioua therapeutic vaccine against HIV- 1 will need 
to induce both eelJuiOr ana humoral immune responses to con- 
trol infection- Paiiencs mounting strong 6P 160 -specific cyto- 
toxic T lymphocyte (CTL) responses have shewn it rapid reduc- 
tion of acute viremia and aruigenemia* nnd a high le^d of CTL 
activity has been associated *viih long-temn yurvival [S, 9J. Jn 
contrast, primary virernia and antigenrmia were poorly con- 
trolled in patients in whom virus-specific CTL activity was 
low or underrtrtflblc. High levels of antibodies, most norabiy 
neutralizing and, cross -reactive neutralizing antibodies, have 
also been observed in the sera of long-Cerm survivors [3] and 
in mothers who do not transmit HJV-l to [heir babies CI 0 — 
13]. More recently, it h(L5 been determined th*t a higher level 
of in vitro proliferation to p24 is associated with long^ienn 
nocprogression and in vivo control of viral replication [14], In 
General, stronger ard broader Immune response*, have been 
associated with delayed disease progression and are likely to 
hnve a positive impact on limiting replication, although the 
ability of the immune response to e.ffeci viral replicucion in 
infecced persons rrmains controversial. 

Recently, several firtups have reported on the ability of DWA 
vaccination to lead to in vivo expression of the encoded gene 
product? [15-17] with the cynccimiunt development of specific 
cellular and humoral immune responses directed against these 
an tiBen(a) The endogenous production of antigen by 

the host cell transcriptional machinery mimics aspects of live 
attenuated vaccines without The associated risk of potential 
pathogenic replication. 

DNA-baae-d vaccination has siimulflted. humoral and cellular 
responses to HtV-i antiffens in mice [23-26] and macaques 
[26, 27]. More recent srvidifts ih infected chimpanzees [2&] hava 
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shown 8 possible application of this *rrqtcsy in HIV- 1 -infected 
ptrsons: DNA vaccination of HIV- 1 -infected chimpanzees 
with & construct that drives expression of HIV-1 env and rev 
appeared well -tolerated. Importantly, Immunized animals dem- 
onstrated a boose in onribody responses fallowed by a > I log 
decrease in their vims loads [2fi]. 

The present study is on open-label phase I dosc-*scalaiion 
study of AFL 40Q-003, a DNA plaamid construct containing 
£enes thai encode the eav and rev proteins of HIV. 



Material* and Mclhtids 

Study design. Seq u *ntial groups of 5 subjects received 3 intra- 
museulqr injections of" vaccine at the some dose, [30. 100, or 300 
/jg) it 10-wcck: iwarvali. The group of subjects w recetve the next 
escalation of dMt did not Wain until 2 weeks after nil 5 persons 
lit the previous dote level hid received their first do$c without 
complication. The toxic dose that would trigger study discoarlnua- 
rion was defined as the lowest dose at which 2 of the 5 dose- 
cohort patients experienced any trefttmcnt-rclated adverse effect 
greater than or equal to grade 3 (World Health Organization crite- 
ria) or the dose At which a second adverse affect of the same ryp& 
occurred. 

The vqccJne was administcrcrd in thtf Clinical Research, Canter 
fCRClof the Hospital of the University of Pennsylvania. An intra- 
venous catheter wa$ Inserted into each subject's arm before ench 
injection, and constant ifloni tori tig. or" clinical state and vital si&n$ 
wai corriisd out for 2 n after adminisxroiion of the vaccine, If stable, 
the subject was then allowed to leave the CRC. A brief follow-up 
visfe occurred 24 h lawtr, and subjects returned for monitgrinfi visits 
1, 2, 4, 6, arid 10 weelcs brer, Tf no ndverce experience* wera 
noted at 10 weeks, the second doit was administered, and the 
sumc [0-week cycle was repeated until die third dost at 20 wec|u 
Thereafter, the monitoring eycls was rapeaied a tnirtj time, and a 
final mo ni 10 ring visjr occurred J6 weeks afar che flret inoeuJarion. 
tn addition to the monitoring visits, patients ke.pt a symptom log 
which was reviewed at each visiL Dam (rum the monitoring visits 
were shared with the subjects as (he study proceeded, and subjects 
wens reminded thai they were free to withdraw fronrv participation 
bi any time. 

Inclusion and exclusion criteria. Inclusion criteria required a 
posicivn serum HJV ELISA ■ntioody test confirmed by Western 
bW analysis, CD4* lymphocyte caimr 5»500/^L or blood, normal 
sentm chemistries and complete blood tell count (CBC). liver 
enzymes ^1,5 times the upper limits of normal, and, for women,, 
d ncgufcva pregnancy leat ond commitment u th* use of effective 
birth control far the duration of the study. 

Exclusion criteria included prior receipt of any HIV vaccine, 
anriraxrovirnl therapy within the preceding 3 months, presence of 
HIV-rclatcd symptoms, evfdencs of active hepatitis B or C infec- 
tion or of ontlnuclear anubodi**, bisfory of mi immunosuppressive 
disease (other than HrV) or medication, allergy to unide^type local 
anesthetics, ar any acute or chronic debilitating illness unrelated 
«H[V infection. 

Monitoring jrwfax. Standard laboratory tests included CBC; 
urinalysis «rum levels oF cTtJKipine. Hvtr enzyme*, creatine ki- 
nase, and anilnucjear antibodies; ond erythrocyte sedimentation 



rat*. Each subjee; had a cheat mdiooraph and * cardiograph on 
entry and a cardiograph at week 36 (study's end). Snfety was 
defined as Jack of untoward clinical or laboratory events, with 
particular attention to loed and system ic reactions, « well as 
evidence of anri-DN A antibody or muscle ejuryme etevatiotu. 
Monitored rUV-roJatcd partmetars included 

(1) flow cytometry foe COl*. CtM^ t and CDS* lymphocytes 
(performed in the Medical Centor's AJDS Cltnical Trials Group- 
approved immunoJagy laboratory). 

(2) quantitative Htv UMA polymerase chain reaction (fCR) of 
plasma, which wai ceparoted from «U» ond froEtn nt -70 a C until 
shipped on dry ice for assoy ai LabCorp, Clinical Trials Tasting 
Services (Research Triple Park, NCJ. 

(3) antibody against HIV env, measured by ELfSA done with 
modLncatlDns of previously described methods [10]. Briefly, re- 
combinant gp 120 based on the MN sequence fjmmunodi agnostics, 
Bedford. MA) was rwuspended In I J< PBS to a concentration of 
Q-5 p&mU and volumes C25 nfc) were incubated overnight 
at A e C In 96-well platct. Next, phLes were rinsed and incubated 
vHcb bfoeking -buffer for 2 h at 37*C- Serial serum dilutions were 
then incubared in Triplicate wellt for I h at 37"C, wnshad, and 
reinoubaKd for 1 h with n goat anti-human immunoglobLilin 
fSigma, St- Louis). After being washed, the places were color- 
dtveioptd and read at 450 nm. Two human M< V- \ —seronegative 
sera were tued u sample controls, and BSA-eotiecd wells were 
Vised as negative binding controls. 

£4) lymphoproJiferative responses to mitoeees and to HIV ind 
tetanus toxoid anrfgens oj determined using the method Cdcscrlbed 
below) of Wanf « ai. (26). Bnefly, peripheral blood manonuclaqr 
cells (PBMC> were separated by i«e of ficoll-hypaque. The >BMC 
were (hen resuspended to a concentration of | x [0*/mL, and 1 00- 
aJiquyU wsrs added 96-well U-boctom microliter plates. 
HIV gpl20 batAilo virus -produced protein (100 ^iL; [ntraccl, hsa- 
a,uah. WA) was added to !hc wdla in triplicate to Pool concentre- 
cions of 3.0. 0.5. and 0.05 ^£/mL. The cetts were incubat*d at 
37*C in a COi incubator for 3 dayj. and then 1 w Ci of Iritiated 
thymidine (DuPont MEN. WllminGton. DE) was added to nch 
well and incubated ovemifihr (13-18 h). Platea were harvwrtd an 
sn (lutomatic 96-we]\ harvester, and the amount of incorporated 
rriff&uid thymidine m=nsumd in a mierobeta counter. The stimula^ 
rkm index (5f) wh calculated by dividing the couais per minute 
(cpm) from cells exposed to spacific stimulation by the cprq from 
cells incubated in media alone. To assure that cells were htahhy, 
the nonspecific mitogen phyiohamagglutinln (5 ^g/roLl wu sddod 
as a positive control to 3 wells. An increased response following 
immuniaftiion was deftnerj qs a risa in SI of ^4 above the prcimmu- 
nization viilue. Other bnculovtrus-derived HIV proteins were in- 
cluded in the assays as controls And consjitentty foil*d to induca 
responses, 

(5) CTL activity against vaccinia-infected autologous £pi:eLn- 
Bbtt virus- era nsfotmad 3 cell lines expressing ffpl60. Blood wqj 
dclivored » the laboratory within 30 min of phlebotomy, and 
PBMC were Isolated by standard rtccli-hypaque separation, 
washed three times with PBS, and frozen In liquid nitrogen until 
the time of assay. At mat time, they were resuspended in RPMI 
containing 10V* fetal calf scrum, 20 U/mL imerleukin-2. acul 5 
MC/mL phyrohc^n^lutinin- The PBMC were cultured for ~3 
weeka and then used irr the CTL as«y [29]. After 3 weeks' stitm\la- 
tion with media, containing inCetlcukio-2, the expanded T cells 
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wbtz &3S% CDS* as determined by flaw cytometry. Background 
experiments using HtV-posfritfe control specimen* procajyed in 
parallel established that result from frozen eolla we« flcncrally 
1 0% lower than with fresh specimens. The CTL response to HW- 
1 antigen in inferttd human subjects is generally persiitent and 
twt been detected jn 40^-60% of infected persons. The response 
is often of sufficient magnitude that activity can be detected using 
freshly isolated PBMC without the uaual specific in ytrro stimula- 
tion necessary to delect CTL activity in other viral infection* 130], 
Target eells were Infected with recombinant vaccinia expressing 
either the HTV~l envelope gpl60 (VMN462) or the irrelevant pro- 
tein ^-ealftciosidBM (VSC8) (AIDS Reagent Reference Reposi- 
tory, Rockvilte, MD). These targets were wudhed once with scrum - 
free medium, labeled for 2 h at room teoiperoiur* with 50 ;*Ci of 
"Cr CPuPonL NEN). washed three fimca whh aeruro-Jiree medium, 
and dihired. with elector cells it rargeMo-erfceror call ratios of 
1: 12, 1:2 J. ]:J0, and I; 100 in 96-we|l microtite/ platej. To dater- 
mine (he spontaneous tnd maximum chromium release with cell 
lysis, three walls containing only »rg«a were mixod with 1 00 $±L 
of media or Triton X-lM, respectively. After the efTfeetor and 
target ceils were incurred at 37 B C in 5% COj for 5 b, I DO t*L of 
njperBKtftnl was removed, and the amount of J, Cr release was 
measured in a gamma counter- Specific CTL release was calculated 
a* (00 y t [(experimental release - spontaneous rcLeosayfmaxi- 
mum relenao - spontaneous release)]. An incrcaicd response fal- 
lowing immunization was iefinad as Q rf$e of 0 percentage, 
points above thepreimrminiaation percentage: value m one or more 
time point*. Results arc presented as lysis of Inrgets expressing 
HlV-l envelope mimi* lygia of carfiefci infected with wnd-rype 
vaccinia. 

Wahids. A PL 400-003 is a plftirn'd that onendes i modified 
env gen* and a rev gene Fmm nn H[V.1 m m isotare. The™ £oncs 
are ondcr the control of ihe human qyiomegsfovlnw promoter. The 
plasm/d codwins no HIV long-wrminal repeats nor the HIV-I 
packaging signal. Accordingly, although it can express gtna prod- 
ucts, the ptasmid cannot undergo retroviau-direcTed inieirntion, 
and die viral mRNA cannot become packaged itiio a virus particle. 
The plumid Li formulated with bupivacuine (on amide type anes- 
pintic) r which enhnnces in vivo tranafection, gene expression, ond 
immuna responses as previously described [3i]. The study was 
cimiJttCttd under a Food »nd Drug Attoimstranon (FPA) Iiweni- 
£Hlionar K«w Drug (1ND) application submitted on 1ft November 
t?94, and it W as Iniriated on 6 June 1995. Thi* mpresenta the first 
FDA IND Tor a DNA vaccine. 

Measurement of HlV in semen. Semen Specimens wert pro- 
vtded by the LO men in q-i- 100- ana do 3 e cohorts before 

their fir* vaceine d Me an d dg^in 1 ^eeli afUr their third vaccine 
doia. Three men aba provided specimens 1 w6»k after the second 
dose. Specimen* were broufihl to the CB.C at ambient tempera cure 
^vitbin 4 h of ejaculation, mixed 2:1 (volrvol) with ft denaturing 
solution, tiamocjenized by repeated pipetting, and alitjuored into 
patypropylene screw-top frtn»r tubes (Comine Costar, 
Cambridee, MA). Then, the s]*eim*na were frozen at -70"C until 
shipped o^emifiht on ^ |ca IO t[yc University of Washington 
(Seorle) Retrovirus Lftborawry for RNA PCR quancitBtion, The 
protocol fcr eoctrnttJon, amptifieatiort, and dweetiofl of HTV RNA 
from semen uacd □ modiAcation or the Amplicor Monitor RNA 
PCR (Roche Molecudr Syitemi, SDmcrvjlle, UJ) mechod [32] 
including adsorption of the RNA ro ailica beate p3J, followed by 



Tuble I. Numbars and pereems of CD4" and CDS' lymphocytes 
and HIV plasma v.'n* load in 15 HTV- 1 -Infectad jubjeo* before 
immuiiziiiioTi with a DNA-tosed vaccme containing HtV-l sjiv and 
rev HCTIC3. 









CD4' lyihphocytra 






NoV^l. Of blood 


705 


4I0-M0 


Pcrceiu 




2J%-4IH 


CDS* lymf+M/i« 




UoJ^L of blaoij 


1136 






49. 0* 




Vinji fond.* copks/mt. plasma 


66*94 





* Eigjn subjects hnd levels «cboqo Mpitj/mL; I mbjm h»d mdcrecmWc 



mjltiple waahe* and ending a rssuspension of the RNA into 
the Amplicor aamcile diluent. The lower- limit of detection for 
the usay was 400 cDpies/mL. and assay variflbiJiiy Tor the soma 
specimen frorn day to day ranged up to 50% (LawTtnce Corey, 
personal communication). Similar variability has been raponed by 
others (34, 35]. 



RcsuJta 

Characteristics ofpQ'iieipams. Thin«n men and 1 women 
participated in the study. The median age was 36 years (range, 
Twelve were white. 2 Hiipanic, and [ bUicV.. HIV 
acquisition categories included 13 men who had sex with men 
nn4 3 women with heterosexual exposure. Their median time 
iince the diagnosis or HIV infection was 6 years (r&n$e, 0.5- 
10). Initial values repr* s «ntthe a^rage of I determinations nt 
2-w<tk mtervah; 60*^ of repeat d^tenniratiofts varied by 
<20'V4 l but the remainder had second values as much ss 57% 
higher or lower than iho first, a well-known phenomenon in 
subjects wirh hign CCW cell counts. Mean pfeimraurdiflii^ji 
flow cytometry lymphocyte vahjes an shown on table l. The 
mean CD4" lymphocyte count was 705 per microliter of blood 
(range. 410-960). (The 1 subject with a Ct)4 cell court <50C7 
on the day of Immunization had rwJ >500V^L at his last 
screening visit) The moan concentration Cf HIV ^ plasma 
(virus load) varied from undetectable (<400 rapica/niL) in I 
subject to 22,620 copies/mL (meqn. 8S94) for lhe eroup. The 
m«an prevacciriEition cancericratlon was <60007cnL for 5 of the 
15 participants. 

Safety monitoring results. The I'mnrruntzarioM weri 
tolerated. No changes Occurred in vital signs following injec- 
tion or OTi fallow-up visits. Four subjects (27%) ntned grade I 
tenderness, tastine <l day in 3 and 16 days in 1, following 
□Ac of thou injections: 3 subjects had transient nausea; J subject 
each had lethargy or night sweats after the first dose only. No 
signifiennt changes occurred in CBC. serum creatinine, other 
Mood chemistries, or urinalysis. S*-rum liver ehemistry Yafues 
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Ficure I, 
entry and m 

t]-l5 receivfi 300-/ig dotos. 



remained within noma I rangs in mout subjects and Increased 
by >S0% above tli© upper limit of normal in 3: Bilirubin 
increased ro 17 mg/dL in 1 subject, and alanine aminotransfer- 
ase and aspartate aminotransferase increased to 2.5 times the 
upper liinir of normal in 2 subjects, All levels rammed to 
norma! during the study. 

The erythrocyte sedimenration. rate increased to 32, 37, 55, 
itnd 57 in I subject each but returned to norma] during the 
study. Creatine kinase increased ro twice the norms I upper 
Ilmlt in 7 suhjeca and rerurned to normal limita while they 
received subsequent doses. Two subjects bad random glucose 
deterrrd nations between 1 10-150 mg% on 5 occasions. One 
subject had persistent mild proteinuria (Ctqbb amounts to ID0 
mg) throughout the srudy. Of note, no subject a>v*loped abnor- 
mal vital siens following Injection, no significant increases 
in aminuelrar antibodies titer were observed, and onci-DNA 
antibody was not detected. 

Plasma HIV RNA PCR copies. Figure I shows the plasma 
RNA PCR v^fyes f OT each subject at the time of study entry 
and ajjnin at 16 weeks (16 woaks after rite third jnjeerUm). No 
dear pattern of rising or falling copy mnrrber is evident. Be- 
cause differences of up to 0.5 logs can; be seen due to assay 
variability [29], we collated changes in excess of that magni- 
tude: 2 subjects experienced a rise [n plosmet copy number* of 

5»0,5 log [from 2.33 to 2,00 and from 3.8(J to 4.75); fto subject 
»xp«rienced a decrease of >0.5 lofi, although I declined from 
4. 19 to 3.72 logs. We also looked for transient changes im medi- 
ally after each injection: 7 of the 45 total Injections were 



associated wjrh a transient rise of EsO.5 log, and 4 wej-o fol- 
lowed by a transient fall of *0.S log. 

Flaw tyromeay resut/s. Figure 2 shows the CD4 and CDS 
values for each subject it the rime of study entry and again qt 
36 weeks. As with plnsma H1V T p 0 cl*fir pattern is evident. 
Because of inherent variability in these values in the sfirn* 
subject from day to day, we arbitrarily chose to regaTd a change 
of >20% from baseline dj potentially significant. CD4 cell 
counts increased by r*20% in 3 subjects (CD4 cell perccnts 
inclosed in 3) arwl CD4 cell counts decreased by *2G% in 5 
subjects (percent* decreased by in only 1 subject;). The 

mean CD4 cell count for the group was on entry ami 

at weak 36 (compared with an Average of an BO-cctl 
teas/year in some namral-hiitory studies). CD8 lymphocyte 
counts increased by >ZQ% in J subject (CDS cell percent 
increased in none) and felt by 3*2Q% in 4 (percent decreased 
in only I), THo mean CDS eeJl count for the group on entry 
wos 1 199/mL, and it was 1094 fit week 36. 

Antibody responses. Table 2 shows the preimmunlzatlon 
geometric mean antibody levels against Env gene product fcr 
e&ch subject (average of specimens obtained 2 weeks before 
and The day of the first injection) soon ftftcr completing the 
primary aeries of injections (week 2 1 -24) and at week 36 (16 
weeks after the third and last immunizing injection to determine 
the durability of any changes noted). Values for the 
cohort demonsfTBWd «j«nrinlly no increase in geometric mean 
titer (GMT). Persons in the 100- and 300-^ifr cohorts showed 
increases of more than twice baseline level at weeh 21 or 36 
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Cor both). TTiui. there appeared io be a threshold dose of vaccine 
above *Hicb an antibody response could be amfctpatect. 

CJ7, raspaaaej. Because wc were nat oblo to immortalize 
lymph ocyrej from all participants, spaeimen availability per- 
mitted assay in 10 of the ) 5 vaccine recipients fbr npecific CTL 
responses against HlV^I bp 160 -expressing tarflau, Table 3 
shows Lie CTL activity fbr subjects in each dose cohort, ex- 
pressed w percent speeifie lysis, at the Mine monixorjng tunes 
v wtnplwl for antibody above. No increase in CTL activity was 
seen in the gToiip that received vaccine doses, whereas 2 
of the 3 subjects in the 100-^tg group showed (ncreued of 10 
percentage poinu or morn in apeclflc CTL. Perhaps relace^ to 
hiBh preimmuntwiori CTL activity ia the fact chot none of the 
3 aubjeets in the 300-^15 p-oup had increased CTL activity 



after vaccination. The relationship becween vaccination and di* 
rises in individual patient's CTL activity is uncertain. 

Lymphoryit protifertniw responses. Specimen avoilabil Iry al- 
lowed fOf assay of JvmphoprDUfemh've responses directed against 
HTV afirtgwn and against prryiohernagghirinin for cells from 3 
subjects at each dose level. TabJa 4 shows responses (expressed 
as SI) to gpl20 of p'efmmuflLauon Lymphocytes and oriympho- 
eytes 21 and 36 wtelcs after trw first dose. Increased prol iterative 
responses (ST 3*4 above haselipe) were noted at all vaccine con- 
centrations, without a clear dose response. 

Qiawttartye MV RNA, PQR of semen. Semen specimens 
from the 10 men who received the 100- and 3Q0-m£ vaccine 
doses were (cited- Five had levels Of HIV RNA below ih« level 
of detection (<400 eopici/mL of plasma) before vaccination. 
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'Tabic 2. Geometric m«w ti«r« of »nm antibody sgfllnar HfV-i^, 
gpl20 in 15 HTV- 1 -infected patients immunized with various doses 
cf a TDNA-bflssd vweiwr containing H7V-1 tnv o/id rev genes. 

Gaamt iric menn titer 



Vacant dose, 
patient no. 


Preimmuntwclcn 




Week 36 


Jtt h g 








001 


555,000 * 263,000 


131.000 


267,000 


003 


424.000 = 45,300 


1,049,000 


1,0*9.000 


oo: 


1.043,066 - 0 


iiM9.006 


t, 049.000 


Q0* 


<f 9 2,000 x rt04,006 


202.000 


2&1,OOt 


0OJ 


s 37 ( QUO 


$24,000 


J67.00O 


]00 »g 








006 


] 04,000- z 


n 1,000 


M.O00- 


OD7 


205,Oa6 = K5.OO0 


1 ,049,00O r 


524,000 


008 


393,000 = I5i,00D 


1 ,049,000 " 


1.04.P.DQ0 


009 


39) ,000 = 131,000 


252.0OO 


S34.0M 


010 


164.000 = 66,000 




1,049.000 


300 nt 








OH 


31,ooq = 25,000 


131,0001 


524,004 


at: 


i»7,ooo ~ wifltto 


524.000 


1.M9.QD0 


Of* 


9t,000 t M.DOO 


n i.ooo 


I J 1,000 


014 


7HMCC - 303,000 


1 ,049,000 


(,049,000 


PIS 


481,000 =404,000 


524,000 


1,049,000' 



NOTE, Tilers wert determined by osing hfghest dilution of tntiisn. viih 
optical dttUity -fQD) v 430 rvm ihot unt* dcvurcd compared with levd of 
fiSCiivjiy In normni TiiimAn «n. End-point riierv wcto aeiermjncd by extnpo. 
latins to rircr that wm near est to 3 SD »bov* OD or* normal lwma'n icfii ai its 
lowest difutkm. 

OetermifKd at wtetfi -30, ^i. f 26, ind *3*. 



Tabid 3, Specific lysis of HCV-l gpltfG^preJsIng target] qt im 
effector- to-urgci cell ratio of SO; I for 10 of 15 HLV-I -uaftcted aub- 
jetf* vaccinated With Various doses of o DNA-busod vgccrrw gan- 
uiinina, HIV- 1 env ana rev gen«, 



patient no. 



K Specific !yiis 



Wircjc 26 



30 








00? 




0 


0 




16.0 


IZ.7 


14,9 


004 




13,7 


19.9 


OOi 


5,3 


0 


0 




U.9 


0\4 


9.7 


ICO 








007 


1.1 


0.7 


1,3 


Q09- 


M.9 


26.7 


18.8 


0)0 


10J 


19.6 


21.5 




9.2 


15.7 


13.5 


JOU M ( 








Oil' 


48.2 


9.9 


*5.7 


ou 


1D.7 


S3 


0 


014 


ia.6 






MH|t 


51.3 


17.1 





NOTE. Tftfgot ilfeCMd with VfiOi (raccTnbinanC v&aeiniq expressing 0- 
Wl ■close] WH U9«d to USKC b(ckSttJ«ri«i lyiu of Wbcclnia-lAfteccd col It Span* 
«r«we »|om *il ^ 30H of mwtlinum. 



Tubfo 4. Proliferative rosponscs (expressed aa ATimuJaxjOTi indeji 
C$I]J of lymphrjcyiflg ngninst jjjj120 (S wjMiL) in 9 of J 5 HIV-l- 
mf«ted subjects immuniicd with ynnous do3ca of a DNA-buMKj. 
vaccine cootainms HIV- 1 *frv4nd^«v times. 



Vaccine doie, 
patient no. 




sr 




Prcirnnnjn)znJon 


Wetkjf 


Wc«k 16 


JO M £ 








C0J 


1.7 


8.8 


4.7 


004 


17.0 




3.3 


005 


1.4 


8,4 


20.1 




9.3 


13.0 


9.3 


ioo 








DOS 


16.1 


28.4 


2*.7 


007 


3.0 


1.7 


(.1 


ooi 


B.2 


8.1 


I4.fi 




9.1 


127 


H-l 










on 


5.* 


15.* 


U.5 


014 


9.5 


14.5 


15 


0l5 


7,* 


10.1 


L2.1 




7.4 


13J 


10.7 



NOTE. Sti wens eajculjienj by dividing Amount oT prollfrnMicn to gpUQ 
by preltfcTsrion of jn^Jii iio^t, Ptiytnhtmjughninin wis uiod JU posltlvo 
control S rrd to a*ifi3B hcoiLh or peripheral oload mononuclear cells. gpJ20 w»i 
cfcrivoii from Hlv-l|,o. Prcimmuno daw art avera$« foe 2 pfemacutoion time 

•Wick U. 



end 5 Jittd coiuita or 751, 790, yOQ, 957, and 70O3 copies/mL. 
Specimens obtained during week 21, 1 week after the third 
immunization, from tr^e 5 men who had detectable vin*j in 
semen before vaccfrweign and I whoae level was <4i)Q were 
assayed Two specimens from ihe 5 men wdo originally had 
detectable HIV ttNA Iiad levels beLow Utt lev«L ordetecrion 
on wtek 21, frnd the other 3 men hod counts 21Vi, 4\Vh, Eiod 
lOSVo of* rheir prtimmnnuation valuer. At 21 weeks of study, 
vfnis was still undetectable in semen from the Subject whose 
original apeeim<sn had undetectable levels of virus. 

Discussion 

The role o/rtie immune respotta* in controlline viral repllce- 
tion in vivo is under iiwescisaoion and is aniirjiporiajit subject 
of debote. In the majorfty of cases, the natural immune response 
generated ngainst HIV- 1 dees not prevent the eventual onset 
of MDS, Ho*ever 4 mioority of piricnts, termed noilpro- 
cressors, tend to shme a similar immunologic phenotyp* that 
includes strong antiviral cclhiLar m wall as humoral immjne 
responiM [36]. Patient* mountinfi Strong fipl60-«pedflc CTL 
responses have shown a rapid reduction of acute virernia and 
ardBCKmia, And a high level of CTL activity haa Bbbh *$soc[- 
wed with long-ierrn iurvtvoi 9J, However, primary vtrcmU 
and anogertemia were poorly controlled in patients in whom 
virus-specific CTL activity was ]ow or undetectable. Further- 
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more, A definite CTL response has been observed in Gambian 
sex workers who remain seronegative as well as PCR,-negative 
for HlV-l despice repeated exposures [37, 38]. High Levels of 
nfrutraliaing and Cfoss-reaerivs neutralizing antibodies have 
also been observed in the wrum oF long-term survivors [8J. 
OtTiitr conceptually related studios demc-nsemted that stronger 
serologic responses ar» present in mothers who do not transmit 
HIV-I ro their babies [10-13]. 

Although this observation is controversial, stronger and 
brooder Immune responses hove been associated with delayed 
disease progression, and are beHev&d to limit viral replication, 
although the ability or the immwifc response to affect viral 
replication in infected individuals remain* unsubstantiated 
Overall, it is thought that cv usefi.il goal for immune therapy of 
Hiv would be to raise and broaden anTigen*specific vui-HtV 
cellular a ad humoral responses. 

Recent efforts have demonstrated the safety mid imrminoge- 
nicity in humans of several recombinant protein products, in- 
cluding recombinant gp!60 (2, !]> LfiA gpl20 {4], and MN 
gp!20 [5], in Addition, there is some evidence to suggest that 
vaccination with recombinant envelope and voccmio prepara- 
tions used as immunotherapy can expand anti-HlV-l immune 
responses [6, 7, 39-42]. Although these immunagens did not 
affect HIV virus load, some imoacr mi noted on antiviral* 
cellular aid hurnoml immune responses. Accordingly, exami- 
nation of an immunoeen that can induce cellular immunity is 
important for developing immune ihcrapy for HIV. 

DNA vaccinas represent n novel application ofgene therapy, 
which has as one of its strengths the ability to induce 21 cellular 
immune- response. Specifically in the case of HIV, both irnrmK 
notherapemic n& wcill prophylactic applications of DNA vivc- 
cines have shown (he ability to impact vir.il replication in 
onimql models [18, 23-27]. 

DNA vaccines have not been evaluated previously in hu- 
mans. The primary objective of chis study was (O determine 
the safety of an HIV DNA vaccina in HTV-lnfeccad subjects. 
We found that the intramuscular administration of vAccine con- 
taining the env and rtv genes of HTV, given as a series of 3 
injections at 1 0-week intervals, using doses of 30, 100, or 300 
^8, was safe (I.e. without significant clinical or laboratory 
complication) in IS Subjects. No local injection reactions were 
observable, and the 4 subjective reports of local tenderness 
were mtld and not recurrent. Subjects experiencing nausea ad- 
mitted to being anxious about receiving their injection. One 
subject' j observation of a ""ieracehy throat" w** Coincident 
wjrh an upper respiratory infection. Liver chemistry elevations 
were mftd, and one episode was related to an acute attack of 
hepatitis A in me subject Sedimentation rates rase trans ieutly 
in 4 subjects end returned to normal write the pubjeeis re- 
mained in the study. Of note, the subjects lacked nntinuclear 
antibody formation, muscle enzyme elevation, and changes in 
blood pressure and pulse. Thus, the ahorMerm negative effects 
of the vaccine wem negligible, end no participant withdrew 
because oF adverse effects. 



A secondary objective of the study was to monitor for 
cbarigaj in the course of the subjects" HIV Infection, utUizing 
the surrogate markers of CD4 T lymphocyte counts and plasma 
HIV RNA PCR copies, The absolute numbers and percent* of 
CD4"* and CDB"" lymphocytes varied but vmhout obvious pat- 
tern. Some subjects demonstrated both a 20% increase and a 
similar decrease at different cimes during *e srudy. The plasma 
RNA PCR copy number has been reported by some investiga- 
tors to increase after receipt of oilier vaccines, such as influent 
and tetanus, although srudy results have be*n mixed [43-17). 
Numbers m oiir vaccine recipients Jailed to show a clear trend. 

When values at the end of study (week 36) were compared 
with the patients' starting values, sigaificant increases in virus 
load were only detected in 2 of 15 subjects. Transient increa£*s 
of to0.5 logs were noied after 7 of the 45 injections, whereas 
transient decreases of the same degree occurred after 4 injec- 
tions. The absence of sustained increases in plasma virus load 
further supports ihe benign nature of this appro rich. On balance-, 
there was no clear trend to indicate that receiving the vaccine 
either was detrimental or beneficial to the course of t)>e two 
surrogate markers of Hiv infection In addition, attempts to 
quimlirate HTV RNA in semen by PCR in 10 men reveled 
detectable vims in 5; however, afteT vaccination, the values 
were lower or undetectable in 4. if changes tn virus load in 
this compartment were observed in an adequately powered 
study, they could indieat-- b potential use f&T such a vaccine to 
reduce HIV transmission. 

Ow other secondary objective was to determine whether 
administration of an HIV DNA vActinc ro subjects already 
inFecied widi the virus would or would not induce changes 
in measurable immune responses. Both antibody- and cell- 
mediated immune responses were studied. We compared anti- 
body GtvtTs against gpl20 as well as specific CTL responses 
and T lymphocyte proliferation from the subjects measured at 
three limes; immediately before initiating the 3. dose scries of 
injeciioos, immediately after the third daw (week 21), and 4 
month* latex (week 36). Although the sample sizes were too 
small ro matte conclusions* there were interesting differences 
observed based on dose group. For example, there was a lack 
of apparent boosting In antibody ifters in tha 3Q-/*g dose group, 
but subjects in tha 100- and 300-/ig groups displayed, rises in 
OMTs by 36 weeks. Examination of CTL responses showed 
thai 0 of 4 patients in the 30~/jg group had a ^10 percentage 
poini increase in their CTL level compared with preface in&tion 
levels, However, 2 of the 3 patient* in the 100-ue group had 
an increase of ^10 percentage points in CTL responses at one 
or more time points during follow-up. The lack of an increase 
in CTL activity in the group may have resulted from 

high levels or* activity present before vaccination in 2 of 3 
subjects. However, the inherent variability of the CTL, assay 
makes it un*iae to draw any firm conclusion and indicates that 
further Studies will be required ro resolve this issue. Lympho- 
cyte proliferative responses did not show a dose-dependem 
response: The; SI increased by *** trt 2 of 3 patients in the 30- 
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ug doce group, 2 of 3 patients in the 100-ug dose group, and 
3 of 3 it> the 300-ug dose group at one or more times during 
follow-up. It ij interesting that there was a rosponse to the 
vaccine at elj In the context of ongoing virus infection. 

The present study demonstrate* &ha safety and iplernbility 
of a DNA-based valine as potential immunotherapy ip HTV- 
f -infected subjecta, The Tesults, however, do not allow us to 
driiMtr conclusions regarding the effect of these irnrounogerts on 
viral replication. Our protocol w$ designed conservatively, 
with q 10-wcek inrerrJose interval based on safety priorities 
rfliher than choosing a shorter dosing frequency shown to be 
effective in prior primate studies [28, 48]. 

Additional studies examining different dosing and mumvti~ 
zarion regimes as well as including additional targets as imrnu- 
nogens arc Ukefy to improve aoy effect of ibis Ttpproach, on 
HtV replication. In this regard, human testing of a second 
plasmi'd construct containing HIY-1 gag and pof genes as well 
as simultaneous adrnlnistnHiofi of cnWr&v and gag/pof con- 
structs is tinder way. Recently, out group has reported on the 
use of molecular adjuvants to potentiate DNA vaccine imm"no- 
gens [49. 50), We demon strated that such an engineered immu- 
nogen, containing both pathogen-specific genes and cDNA cu- 
sertes promoting a specific immune respond, can increase the 
apeciflciry qnd magnitude of the resulting immune response in 
animal systems. Such an approach might improve the immuno- 
genic ity and impost of a Therapeutic vaccine. Finally, the pres- 
ent srudy was initialed prior to the re«cnt reports of the success 
of highly active anttrerrovirol therapy (HA ART) in suppressing 
plasma HIV concentration atid increasing CD4 lymphocyte 
counts [5 1 -54) , To determine whether control of yim& produc- 
tion will allow recipients to respond more vigorously to the 
vaccine, leading In mm co enhanced immune control oTthc 
infection, we hayc initiated a study ofHIV DNA vaccine immu- 
notherapy In patients *hose virus burdens are maximally sup- 
pressed by HAART. 
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